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Childhood cancer and residential proximity to power

lines

UK Chiidhood Cancer Study Investigators
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The UKChildhoodCanochmdy(UKCCS)wasapopulaﬁon—
hasedcase—conmlsmdyooveﬁngEngland.SmﬂanddeaIcs
(UK Childhood Cancer Study Investigators, 2000). The study
found no association botween measured power-frequency
magnetic field exposure and risk for any malignancy (UX
Childhood Cancer Study Investigators, 1999). Details of high-
voltage lincs, underground cables, substations and distribution
circuits were coliected from electricity companies for the homes of
most cases and one control per case. Here, we use this information
to investigate whether proximity to clectricity supply equipment or
magnetic field exposure calculated from distance, Joad and other
circuit information is associated with an increased risk of child-
hood cancer, We focus on the year prior to diagnosis, to investigate
whether these cxposures might play a role in the promotion or
progression of childhood cancers, An examination of efectric
fields, both measured and calculated, will be published separateiy.

MATERIALS AND METHODS

Study participants
'Ihcsmdypopulationwasambsaofpar&cipantsinthc UKCCS, a
wide-ranging investigation into several possible causes of child-
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hood cancer. Cases in the UKCCS were children aged 0-14 years
inclusive with a pathologically confirmed malignancy registered
with a Family Health Services Authority (FHSA) after 1 April
1992 in England and Wales or a Health Board afier 1 January 1991
i Scotland. Case accrual finished in December 19%4 in Scotland
and in England and Wales ended in Deccmber 1996 for
leukaemias, December 1995 for non-Hodgkin lymphomas and
December 1994 for other malignancies. Two controls were
randomly selected per case from the same FHSA or Health Board,
matched on-sex and date of birth. Both cases and controls must
havebcenbomhtthKandhavchadnopﬁormaiignancies.
3838 eligible cases and 7629 controls participated in the TKCCS,
For this analysis, we aimed to collect information on proximity to
electrical supply equipment for one control per case.

Data collection

Data on important sources of electricity supply near the homes and
schools of participants were collected using an external sources
questionnaire. This was designed in cooperation with National
Grid Company and the regional electricity companies in England
and Wales, and ScottishPower and Scottish Hydro-Electric in
Swﬂmdﬁcqzwsﬁonnaﬁcsaﬁndedasmcaselomml status)
wmcomplctedbywchnicians&omﬂxcsecompanics,usinghomc
addrcsstsmppiiedbytle}KCCS. :

Extemnal sources questionnaires were issued for homes in which
we made measurements. Contiols were assigned 2 pscudodiag-
nosisdat::thedazconwhichdncywmcncﬂyﬂxesameagcasthc
corresponding case at diagnosis. To be cligible for magnetic ficld
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msmuncnts,aciﬁ!dmusthaveﬁvcdintbcmchomfcrthelz
monthsbefomdiagnosisorpsztﬁodiagnosis,andbawsﬁ!lbecn
iiving&xaeatﬁxcﬁmcofmmmLForchﬂdxmwhoscﬁmﬂy
werein&wiewedandwhomineﬁgiblcfor,orwhoscfamﬂy
mﬁsseé,magmﬁcﬁeldm:s,wcismedaquesﬁomﬁm
fordxchomeiivedinthclmgminﬂmympﬁorm(psmdo)diagn
nosis.lntbismaiysis,wemineaﬂhomforwhichwehavc
external sources information. This gives 3380 cases (88% of those
interviewed) and 3390 contrels, compared to 2226 case-control
pairs for whom we also had measurements.

'fhcextana}smmqu&stionmircsweredmigncdtoidenﬁfy
high-voltage lines, underground cables, substations and distribu-
ﬁoncimuitsdtatmightbeeapzbleofpmduchgmagncﬁcﬁe}d
lmlsotO.IuTandaboveatthcsddmssofim:mandtoobtain
load and other circuit information to enable reconstruction of
historical exposure from these sources. Where direct measure-
mentsofmgmﬁcﬁeldlcveiswmﬂﬂdc,mpmviously(lﬁ(
ChildhoodCamchmdyinvmﬁgaIms. 1999) used some of these
dmwmkcadjummforchmgcsinthewmﬁbmimsﬁm
exmalsouwbdweenthcyarofintuumdmeﬁmeof
mmzmmiflmddmmavaihble.l{ue,wmmim
the questionnaire data as varizbles of interest in themselves,
msideﬁngbothpmximityandcalculatedmagueﬁcﬁelds.

Distance and circuit information were collected for 275 kV and
400!:V1incswithin400mandopctaﬁn,gsubsmﬁonsandphase-
scpamedundagmundmblcsofﬂkVandabawwidﬁnzOmof
mchmofmmmmolddism“for lower-voltage
wahudlmmwmdsxgnmnngsandmmttypc.m
highest distances were 8¢ m for 11 k& . 20 kV and 33 kV overbead
ﬁnmandZOOmforGGkVamilSZleh&.Theminimnmm
mcntdimusedwmIOOmforﬁékVandlnleinmand
S0miforil kV,ZOkad33le§ncs.11wpmsenccorabsenoeof
thice-phase low-voliage open-wire distribution circwits within
Zmofﬁneextcﬁorwa!lwesmwd,ﬂtoughthemldmwas
not collectad.

Distance

A complete residential history was supplied by parents at UKCCS
interview. For each subject, the home occupied for the longest in
the year prior to (psendo)diagnosis was identified. Details of these
bomes, inciuding the full postal address and a grid reference, were
provided on the questionnaires sent to the regional electricity

gcogtaphimiinfomaﬁonsystemsinotﬁerwcheekmeaddmsm
againstzbeposiﬁonofpewulim.Onmtoocasimcompany
mﬁ'uwdcsitcvisitswexanﬁncdismnces_ﬁ;two-siagcprocﬁs
msusedteidcnﬁfyﬂwhonmmrwﬂmhighﬁ-vohageNaﬁoml
Grid Company(NGC)lines.Fixﬂy, UKCCS staff used large scale
(I:SOOOO)mapsprovidedbyNGCtodﬂuminchahomc
was located within 400 m of a line, Secondly, each regional elec-
uicitycompanywasaskedtoi&nﬁfyany NGClimwiﬂxithg_m
ofahomcand,ifnwcssazy,maq)plyadctaﬂedmap(}:zsoem“
less) showing the position of the residence. The details of bomes
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idenﬁﬁedhyeitha-uwthodasbcingnmanNGCﬁmwm&en
senttoNGCstaﬁ',whomadcamomprwiscmmof
distance.

Calculated magnetic fields

Ineuroriginalanaiysiswciucludedanadjmnauforhistoﬁw
line load conditions, to improve our assessment of magnetic field
exposure through contemporary short-tertn measurements. The
adjustment also allowed for other magnetic field sources in the
homemhasﬁmsemising&om%mnhiomlcﬁsuﬂ:mion
circuits and household wiring. In this study, we have calclated the
nmgneﬁcﬁeidsfrompowerlincsalonc.%bavedﬂaikofnmrby
electrical installations for most cases in the UKCCS and are able to
m}culatcmagncﬁcﬁcldsforadditimalhomcsinwﬁd;wem
unable to make measurements.

National Grid Company’s EM2D program was used to compute
the power line magnetic field levels. Most computations were two-
dimmsional,iawhichtheeonductorsmamedmbcsﬁaight,
pa:aiiclandherizontal_ﬁeﬁ!cwrsindudcdiuﬂtemodclwm:
distaneebctwempowcrlimandbmm,phascmgmmt.m
dcsignandcondtmclwancc.minfomuﬁonwmmd
fmmﬁxecxwmalsoumcquﬁﬁonnaimﬂmwaeeompmdbythe
eiwtsicitycompanim.whcreﬂncoomofaiineaituednﬂra
home,aﬂueeudimcmionalvezsionofmcpmgxmwasmdm
mladaﬂonswmpafomedforaﬂﬂwmcsmdmmﬂm
wcidenﬁﬁedlivingnmlopowcrlianhercioaddmahad
been reccived previously, the magnetic flux density was estimated
ﬁum&aciaaddahrweivcdforﬁ\cpqiodathomedzﬁngﬂwyear
ofintuastorthenmms:ymravaﬂablc.Othcmdse,amminalload
vaiucwasasignedcit!mmreﬂecttbeannua!avmgeloadcondi-
ﬁonsfoundansimiiarvoltagc lincs in the study, or to reflect
typicalepemﬁonailoads.ffmmethanomepuwwlinewasdoscfo
ahom,ﬂmoombinedeffeuwaswﬁmamdusiagammof
scuares method.

Statistical analysis

0fthc3380mscsand3390mols,ﬂ1mwﬁc81mnmmd
cases and 71 unmatched controls. This was because residential
histories were occasionally incomplete or addresses impossible to
locate. Owing to this, we ignored the matching and used uncondi-
tional logistic regression to estimate the risk, adjusting for the
matching variables in the form of age in years, sex and UKCCS
tegion. We also fitted the small-area seven-level deprivation index,
based on unemployment, overcrowding and car ownership used in
our analysis of measured magnetic fields (UK Childhood Cancer
Study Investipators, 1999). All controls were psed in each
analysis. The data were presented by voltage and distance. We
examined the cffect of distance for each voltage, independentiy of
magnetic field exposure. Using a categorical measure of distance
for every voltage would give small numbers in each category. We
thereforedecidedmmodcldistanmasaconﬁmmvuiablc.“’c
used a muitiple of distance™ as the continuous measure, because
this function models a decreasing effect with increasing distance
and gives greater weight to closer observations. 100 was chosen
as a scaling factor. Thus, our exposure measure was tzken as
(100 x distance inmeum},ormoifnosomeewasrepoﬂed
Forcachqrpcofsourcc(ovetheadﬁnc,mdergmundcablcor
substation), a separate variable was used for cach voltage. If two

0'2000 Cancer Research Campaign
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Wﬂmmhmmm1mxm‘mmm
wm.wwmhm.mwmmwmm

Acute ymphobiastic leckaemia Total leukaemia Controis
n OR 5% ClI n OR °5% C1 n
Near no e 1242 1.00 1481 1.00 3195
11 and 20kV Lines 13 099 0.89-1.10 15 0.98 0.88-.1.08 A6
3KV Lines 1 0.61 0.26-1.43 1 0.55 0.25~-1.40 7
66 kV Lines 4 2.76 0.76-10.0 5 3.15 1.02-9.68 '3
132 kV Lines 10 0.98 0.72--1.35 11 0487 0r2-132 23
2T5 kY Limes ] 1.13 0.48-2.66 k| 106 0.45-2.48 z3
400 kV Lines 15 1.47 0.71-3.08 17 132 0.65-2.76 s
33 kV Cables [} 4] 4
132 kV Cables [+ 0 2
275 KV Cables 1 1.00 0.70-1.44 1 0.99 0.70-1.42 1
Substations 2 1.02 0.97-1.07 32 1.04 0.96-.1.05 60
Low-voltage: circuits 12 1.66 0.78-3.54 13 157 075327 17
No. Subjectst 1331 1582 3390
Centrai nervous system cancers Other malignancies Controls
L) OR 25% Ct f ] OoR L A ]
Near no equipments 583 1.00 mz 1.00 3195
1% and 20 kV Lines 10 1.02 0.90-1.17 16 102 0.93-1,12 © 46
A3KV Lines Q9 3 0.93 0.57-1.52 7
66 %V Lines o 3 2.64 0.92.-7.59 3
TIZRY Lines 2 0.67 031-1.48 g 1.03 0.93-1.28 23
275KV Lines 3 0.38 0.04-3.99 4 112 ©.90-1.38 23
400 KV Lines 3 0.68 0.15-3.16 1 082 0.33-2.05 b~
3KV Cables 4] 4 1.08 095124 4
132 kV Cables [4] 1 097 0.78~1.21 2
275 kV Cables 1 1.13 0.75-1.64 0 1
Substations " 103 0.88-1.08 prd 099 0.854.1.05 60
Low Voltage Circuits 2 ord 0.16-3.28 5 0.90 0.33-248 17
No. Subjecist 614 1184 3390
All malignancies Controls
n OR 9% n
HNear no equipments 3176 1.00 3195
11 and 20kV Lines 41 10t 0.94-1.08 46
33 kV Lines 4 070 0.£3-1.15 7
66 KV Lines 8 227 0.87-5.91 3
132KV Lines = 103 0.89-119 23
275 kV Lines 18 1.08 0.87-1.34 23
400 kV Lines kY 1.65 0.54-2.01 2
33 KV Cabies 4 0.98 0.86—-1.12 4
132 kV Cables 1 6.9t 0.72-1.15 2
275KV Cables 2 1.00 0.73-1.37 1
Substatons 65 0 0.97-1.04 (2]
Low Voltage Cireuits 20 121 0.63-2.32 7
No. Subjects® 3380 3390

‘Refmenmwagay.'Thi-.sisno:nemarﬂyequalbmemldmmabm.asasingiehcmenwybenearmemanone:ypedm.

sources of exactly the same voltage and type were teported, the
distance of the nearer was used.

moddsraﬁnsfor(lmxdimw‘innm)mwporwdﬁxa
tmitincmasc.ﬁisiecquivaimtmachangcﬁmndeOde(IOOﬁj)"
mctxm;form:mxplcfmmzsmzom,mmz&ﬁmorzoomﬁﬂm

We also examined the effect of caleulated magnetic fields, The
categotics for this investigation (< 0.1 BT, 0.1-< 0.2 uT, 2 0.2 uT)
wmsetmdbcfomhandwbcﬂlemasthoscweuscdforthc
measured analysis, which were based on previously reported
results (UK. Childhood Cancer Study Investigators, 2000). In a
secondary analysis, the highest category was subdivided into
0.2—<0.4 pT and 2 0.4 uT.

British Journal of Cancer (2000) 83(11), 1573-1580

RESULTS

Most individuals (= = 6371, 3176 cases, 3195 controls) tived in
bomes which were not located near to clectricity supply equipment
(Tabie 1). There were 30 households {17 cases, 13 controls} with
prosumsﬁ‘omtwoormorcsoumcs.'ﬂrescapp&rmoreﬂmnmce
in the table. Mwm&cm,tbeyhad@somsintow,givingan
extra 39 records in the table. There are in fact 6770 unique house-
holds (3380 cases, 3390 controls) in this analysis. 257 overhead
lines were reported, only 26 (13 cases, 13 controls) of which
wcrewiﬂzinmmof&cbomofintc:st,and%muases
and 40 comtrols) between 20 and SOm. Few high-voltage .

9'2000 Cancer Rasearch Campaign
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- manmmmmmﬁww

A l :_' r._ 2.2 Lo Ly ade. T“.I h*ami. ( m
n OoRr 9% C n OR 95% ¢ L]
<0.1TpT 1323 1.00 1574 1.00 3371
0.1—<Q2pT 6 170 DS8—4.97 6 153 0.52-4.46 B
z02ur 2 0.51 0.11-2.33 2 41 0.09-1.87 "
02wt 4 uT 1 1.02 0.10-9.96 1 0.83 0.05-8.07 3
204 uT 1 0.33 0.04-2.72 1 027 0.03-2 18 : 8
Total 1331 . 1562 3390
- Ot " " Controt
n OR 5% C1 n OR 85% Ci "
<0157 613 1.00 nmr 1.00 33N
04—=<02puT 4] 3 110 0.29-4.22 8
2027 1 .48 0.06-3.76 4 0.94 G.29-2.59 n
0.2-—<04yT 1 1.79 0.18-178 1 0.76 0.08.-7.38 k<
2047 [+] 3 .01 026391 8
Total 614 1184 3390
Totat malignancies Controts
n ORrR L o N -] [
<017 3364 1.00 337
0. +<02uT 9 1.18 G45-3.06 8
2027 7 0.62 0.24-1.61 i
02w 0.4 pT 3 a.99 0.20..4.92 3
2041 % a.49 0.15-1.63 8
3380 3350
* Reference categor.y

phase-separated underground cables within 20 m were reported (n
= 14, seven cases and seven controls). 130 substations were
rapmd(é&mamsehome,&acoml}, 13 of which (seven
cases, six controls) were within 10m of a home of interest. No
distance was supplied for five of the substations (three cases, two
oontmls)andﬂ’amwmnotusedinthcanalysis. 20 cases and 17
controls had a low-voltage open-wire distribution circuit within 2
m of the exterior wall. There were 14 mixed dual-circuit lines
{400/275 kV), which were includedintiwttOOkVIinemtegory‘ 10
near a case home and four near a controi home. Ovenall, the distri-
butions of distances were similar for cases and contrals. This is
confirmed by the average distances also presented in Table 1.
Examining distance alone, a separate value of 100 x distance™
in metres as a continuous variable {0 if no exposure reported) was
used for each voltage within cach type of source, exceptions being
that 11 and 20 kV lines were combined (there were only two 20 kV
&ines reported) and substations of ali voltages were combined into
a single category (all but six were 11 kV), and presence of a low-
voltage circuit, which was a binary variable. The results are
pmwdin'fablcz.Asweusodthedismeeof&cmifm
mumofemﬂythemcvalmgcmdtypewmmt,ﬂlcm
number of lines given in Table 2 is lower than in Tabie | becauss
houses near more than ope line of a particular voltage are listed
only once. Homes near more than one line of differing voltages are
still reported more than once; the 248 Yines listed in Tablc 2 (124
for cases and 124 for controls} come from 234 homes {117 case
homes and 117 control homes). Table 2 shows no cvidence of asso-
-ciation with risk for acute lymphoblastic leukaemnia (ALL), central
mmsym{CNS)mmcrsortuta!nmlignamyformimity

© 2000 Cancer Research Campaign

to any electrical supply equipment. For all leukaernias, an adjusted
odds ratio of 3.15 (1.02-9.68) was obtained for 66 kV Iines. The
nominal significance level for this value is 0.046. A non-signifi-
cant association with 66 KV lines was also sesn for other malig-
nmmia,exc]udingCNSmmsand}eukacmias,usingﬂwsamc
control group. There is no such result for any other voltage, and
given the numiber of independent odds ratios in Table 2, we believe
tha:t!msefmdingscanbcam'butedtochancc,ﬂddsmﬁos of 0.713
(0.42-1.26) for ALL, 0.75 (0.45-1.25) for all levkaemnias, 1.08
{0.56-2.09) for CNS cancers and 0.92 (0.64~1.34) for all malig-
nancies were obtained for a simple categorical analysis on the
presence or absence of an overhead line within 50 m of the child’s
home (same covariates fitted, table not shown). 72% of the lines
within 50 m (84 of 116) were lower voltage 11 kV or 20 kV lines.
Repeating the analysis without these lines made little difference to
the results, with odds ration of 0.69 {0.25-1.90) for ALL and 0.89
(0.44-1.80) for all malignancies,

Table 3 examines the risk associated with different levels of
calculated magnetic ficld exposure from overhead power lines,
for ALL, alt leukaemia, CNS cancers, other malignancies and all
malignancies. Most observations {3364 cases, 3371 controls) were
in the reference group, which consisted of subjects with calculated
magncticﬁeldexposuefrmnoverheadpomﬁncsofiessﬂtan
0.1 uT. Most of the reference group (3263 cases, 3273 controls)
lived in homes near which no overhiead lines had been reported, OF
the subjects living in homes near power lines (117 cases, 117
controls), most (10} cascs, 98 controls) were in the reference cate-
gory, reflecting the conservative nature of the threshold distances
used for collecting details of power lines. For acute lymphoblastic

Buitish Joumnal of Cancer (2000) 83(11), 1573-1580
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leukaemia, the odds ratio for the comparison between exposure of
2 0.24T vs < 0.1 UT, is 0.51 with an upper confidence botnd
of 2.33, after adjustment for matching variables and an index of
deprivation, For all malignancies combined, the situation is
similar, with slightly natrower confidence bounds due to greater
numbers. There is no evidence, for any of the malignancy cate-
gories, to support the hypothesis that, in the year before diagnosis,
exposure to magnetic ficlds above 0.2 UT associated with over-
hadpowerﬁmiamﬂsk,norismmanysuggcsﬁonof
increasing risk with increasing exposure,

We had magnetic field measuroments for 179 of the 234
subjects living in homes near power lines. The average first-stage
measured field levels in T for the four categories (< 0.1, 6.1~
<0.2, 0.2-< 0.4, = 0.4) for these 179 were (0.047, 0228, 0.399,
0.585) and the average computed (0.024, 0.153, 0.292, €.701),
n = (155 10, S, 9, suggesting that the method of computing
magnetic fields we used produces reasonable results, allowing for
background jevels.

We also performed 2 matched analysis of caloulated ficlds as a
check, with a smaller number of subjects {3309 case-control
pairs). The results were similac: for all maligrancies, an adjusted
odds ratio and 95% confidence limits of 1.24 (0.48-322) for the
categoty 0.1~< 02 uT and 0.58 (021-1.58) for 2 0.2 uT. Our
analysisuscdlirchomelivedinforﬂwlongcst&meinmcym
before diagnosis or pseudodiagnosis. 6115 {3154 comtrols and
2961 cases) of the 6770 subjects lived in the same home for all of
that year. Restricting the analysis to these subjects made litle
difference to the results.

DISCUSSION

supply equipment O cxposure to magnetic fieids associated with
mehaqaipmcntisassocia:edwﬁthanimcdriskforthedcvel-
opment of childhood leukasmia or any other childhood cancer.
These results complement our investigation of measured magnetic
fields (UK Childhood Cancer Study Investigators, 1999). This
carlier analysis contained fewer than 50% of cases and first-choice
controls and hence could have been influenced by participation
bias. The study presented here, however, includes the great
majority of eligible households, so that the possible effect of
participation bias is small.

Our analysis of measured magnetic fields contained a Table
demoasuaﬁngthcusewchadmadeofhistoﬁmlloaddatam
adjust exposure estimates (Table 5, UK Childhood Cancer Study
Investigators, 1999), which included only those individuals living
inhemmforwhichwchaddcﬁiledline—loaddm’mishason
occasion been interpreted incorrectly as indicating the effects of
proximity. This paper gives the full treatment of proximity for
UKCCS subjects.

The main hypothesis we have considered relates to close
(<50m)pmximityhopuwetlinm,basedontbemainbodyofﬁw
¢pidemiological evidence, which was reviewed recently by
Ahlbom et al (2000). Howsever, Fews ot al (1999) suggest that
corona ions emitted from high-voltage overhead power lines may
increase exposure to potlutant acrosols, at distances up to several
hundred metres, particularly downwind of the power line. We have
data on 132 kV lines for distances up to 200 m and 275 kV and
400 KV lines up to 400 m. To investigate the corona jon hypoth-
sis,wcoombinedZ?SkVandeVlimwexamincthelargcr
distance.AtmcgorimIanalysisafﬂwmorabsemcofan
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Figure 1 MJMWWMMmd
transmission fines > 275 kV with NGC data.

overhead line of 275 kV or 400 KV within 400 m of the child’s
home gave odds ratios of 1.42 (0.85-237) for ALL and 1.15
{0.76-1.74) for all malignancies. We do niot at present have suffs-
cientinfotmaﬁononﬂ:cmla&vcposiﬁonsofmchm:smandthc
Iinﬁandsocannntmnsid:rﬂiedirwﬁonofﬂwptmﬂingwind,a
hypotbcsiswhichﬂneUKCCSwasnotdcsignedmwst_

'Ihepmportionsofmn&oiehildrmlivingatvsﬁm:sdistmm
ﬁomZ?S—mkVuaasnﬁssionlinesmsimﬂarMMmﬁnm
foraﬂUKhonmbyNaﬁanalGridCompany.atiastuptoZSﬂm
(John Swanson,NGC,pcrscnalmmﬁmﬁm){Figwc 1). In our
migira!ana{ysis,anbmoneofthehomwithasigniﬁcant
magneticﬁcldexpommﬁmnovcrhcadlinm(lhoseﬁquukeda
load-dataadjusmacnt)mewithini!SOmofamsmissionline.ln
a population-based study of aduits and children in the South East
of England reported by Coleman et al (1989), 0.6% of controls
were within 100 m of a 132kV or 275 KV overhead line. The

i proportion in our study is 0.8% (26 of 3390).

The results of studies which analysed distance alone are mixed.
Colananetal(l989)mponedaninctmsedziskef&dldhoodand
adult leukaemia with proximity to electricity supply equipment.
Feychting and Ahlbom {1993) found an increased risk for
leukamniainchilckmbmfarnootbumrhisawociatim
disappmdwhmlhccaimﬂatedmgncﬁcﬁcldwasinclu&din
the same model (Feychting et al, 1996), suggesting that the
distancceﬁ'ectinthcoriginalpaperoouldbcﬂwconsoquaweofa
magnetic field association. Tynes and Haldorsen (1997) found no
increased risk for childhood leukaemia, lymphoma or brain
tumours but an elevated risk for other sites. Tomenins {1986)
reported an excess of visible electrical constructions within 150 m
of the homes of children with cancer. Petridou ct al (1997) used
voltage divided by powers of distance, and found po significant
clevations of risk for childhood leukasmia for higher exposure
categories.

The studies examining childhood cancer and calculated Helds
and proximity to clectrical instajlations, sometimes in addition to
dimﬂym&sumdﬁc}ds,havela:gciymemnpwa.Norm
American rescarch (NIEHS, 1999) has instead tended to use a
wire—codeappmach,origina}_lybasedouthev’vmkofWerﬂwimcr
and Leeper (1979; 1982). Kleinerman et al (2000} analysed the
scpa:arccmnpanentsusedtaczmwimcodesfmtheNClsmdy
(Linue:aL]QQﬁ’l‘heyfomdﬁn:nciﬂwrdismnccaloucmran
:xposmindcxhascctondistauccan&mgﬂ:ofmulﬁpiepow«-
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lines was related to risk of ALL. Wire codes are based on a visual
inspection of the type and proximity of neighbouring overhead
wiring and the furthest distance reported (40 m) is thus smaller
than in map-based studies of distance,

Other studies of childhood cancer and power-frequency
magnetic field exposure using calculated fields (Verkasalo et al,
1993; Feychting and Ahtbom, 1993; Tynes and Haldorsen, 1997)
have taken as their subjects children living in areas around power
lines, where a high -than-average proportion of homes had
elevated magnetic field €xposure, making it difficult to compare
exposure levels directly. Olsen et at (1993} in a popalation-based
case-control study covering the whole of Denmark, reported that
0.2% of 4788 control children had a calculated magnetic ficld
exposure greater than 0.25 pT, which is similar to the proportion
we observe (0.3%).

The statistical power of these distance and calculated feld
studies, including this one, has been limited; studies investigating
subjects living in the vicinity of overhead lines tend to have rela-
tively few cases and population-based studies have a small number
of highly exposed individuals. We have only a few subjects Living
close to 132 kV or higher voltage lines, less than 120 m say, so that
our study has little power o detect small cffects associated with
close proximity. Individually, the results of previous calculated-
field studies have not been clear-cut, some finding no association,
others 3 weakly positive one. In a recent pooled analysis, however,
which examined the relationship between exposure to 50-60 Hz
magnetic fields and childhood leukacmia, Ahlbom et al €2000)
found a relative risk of 2.0 at exposure levels of 0.4 uT or more.
This finding was based on individual records from nine studics
with magnetic field measurements or calculated magnetic fields.
The authors were unable, however, to exclude selection bias as an
explanation for at least part of this excess. Our results are consis-
teat with our previously reported analysis of measurad magnetic
fields (UK Childhood Cancer Study Investigators, 1999} in
demonstrating that the great majority of exposures in the UK are at
levels for which there is no evidence from the pooled data for an
excess risk. We find no evidence that proximity to clectrical instal-
lations or the magnetic field levels they produce in the UK is
associated with increased risk of chijdhood levkaemia or any other
cancer.
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